1. Introduction
===============

Phagocytosis is an important physiological process for eliminating unnecessary substances or dead cells and is important for tissue remodeling after tissue damage, such as inflammation or infarction.^\[[@R1]--[@R3]\]^ Phagocytosis was previously believed to be mainly performed by professional phagocytotic cells, such as macrophages.^\[[@R4],[@R5]\]^

However, it was observed that a time lag exists before professional phagocytotic cells are recruited to damaged tissues where unnecessary substances should be eliminated.^\[[@R6]\]^ Thus, some cells likely eliminate unnecessary substances before the recruitment of professional phagocytotic cells.

We previously demonstrated that the cardiac myofibroblast engulfment of dead cells facilitates recovery after myocardial infarction.^\[[@R6]\]^ Namely, the phagocytosis of dead cells and unnecessary substances by myofibroblasts is as important as that by professional phagocytotic cells in myocardial infarction. Myofibroblasts are not present in normal conditions but appear in damaged tissues after differentiating from several cell types in response to inflammation.^\[[@R7]--[@R9]\]^ Based on our discovery of myofibroblast phagocytosis in myocardial infarction, we speculated that myofibroblast phagocytosis is actually a common pathological phenomenon in other diseases than those that have been detected or recognized.

We encountered an interesting case of phagocytosis of mucinous substances in the skin. Based on our previous discovery about phagocytotic myofibroblasts in myocardial infarction, we predicted that myofibroblasts, along with professional phagocytotic cells, might take part in the phagocytosis of mucinous substances. As we expected, we found the phagocytosis of mucinous substances by α-smooth muscle actin (αSMA)-positive myofibroblasts in cutaneous inflammatory mucinosis. This case demonstrates that phagocytosis by myofibroblasts may be a common pathological phenomenon in other diseases that has been undetected or undiscovered.

2. Case presentation
====================

2.1. Clinical history
---------------------

A 44-year-old male patient with atopic dermatitis developed a cutaneous reddish nodule with an underlying induration on his right thigh (Fig. [1](#F1){ref-type="fig"}A). The cutaneous lesion was recognized about 1 year before the surgical removal. The cutaneous lesion was surgically removed, and the resected specimen was pathologically examined as follows. The patient has provided informed consent for publication of the case.

![Clinical appearance and hematoxylin and eosin (H&E) staining of the histopathological microscopic view of the lesion. (A) The cutaneous reddish nodule on the right thigh. (B) The inflammatory and mucinous lesions in the skin of the right thigh (H&E staining, scale bar, 5 mm).](medi-99-e20867-g001){#F1}

The patient has no recurrence of this cutaneous lesion for about 2 years after the surgery.

2.2. Pathological findings
--------------------------

The surgical specimen was 50 × 23 mm of skin. The specimen had an 18 × 14-mm elevated lesion that included small mucinous cystic lesions.

The cutaneous lesion had the solid infiltration of inflammatory cells, namely, plasma cells, histiocytes, and lymphocytes, in the dermis (Fig. [1](#F1){ref-type="fig"}B). Most of the inflammatory cells consisted of CD138-positive plasma cells, which did not show light-chain restriction. This observation confirmed that the lesion was not a tumor but was inflammatory in nature.

S100-positive cells and CD68-positive cells were scattered in the fibrous tissue and in the areas of inflammatory cell infiltration. These cells were CD1a-negative, which demonstrated that these cells were not proliferating Langerhans cells.

The cutaneous lesion included mucinosis in the dermis (Fig. [1](#F1){ref-type="fig"}B). We speculated that the inflammatory cell infiltration induced the mucinosis.

Inside the mucinosis, we detected cells with clear areas of mucinous substances (Fig. [2](#F2){ref-type="fig"}A). First, we speculated that these cells were phagocytotic macrophages. Some cells inside the mucinosis were CD68-positive macrophages, whereas some cells were not. CD138-positive cells were not dominant in the mucinosis. The cells with clear areas of mucinous substances were cytokeratin AE1/AE3-negative, which showed that these cells were not epithelial cells, including metastatic carcinoma cells such as signet ring cell adenocarcinoma.

![Phagocytosis of mucinous substances by αSMA-positive myofibroblasts during cutaneous inflammatory mucinosis. (A) Histopathology showing the mucinosis inside the lesion (H&E staining, scale bar, 100 μm). Phagocytosis of mucinous substances was observed. (B) Some of the cells that performed the phagocytosis of mucinous substances were αSMA-positive myofibroblasts (scale bar, 50 μm). The arrowhead shows strongly αSMA-positive cells.](medi-99-e20867-g002){#F2}

Recently, we discovered a novel function of myofibroblasts, wherein the engulfment of dead cells by cardiac myofibroblasts facilitated recovery after myocardial infarction.^\[[@R6]\]^ This finding suggested that the cells that engulfed the mucinous substances might include myofibroblasts that were phagocytizing mucinous substances during tissue remodeling. In fact, some of the cells were αSMA-positive myofibroblasts (Fig. [2](#F2){ref-type="fig"}B).

Electron microscopic images also demonstrated that there were collagen bands in the cells with mucinous engulfment (Fig. [3](#F3){ref-type="fig"}A-C). The detection of collagen bands inside the cells by electron microscopy suggests 3 general possibilities: these cells were fibroblasts or myofibroblasts that generated collagen bands^\[[@R10]\]^; these cells had engulfed collagen fibers^\[[@R11]\]^; and collagen fibers from outside the cells were included in the microscopic section. We speculate that the cells with collagen fibers were myofibroblasts, although we cannot exclude the other 2 possibilities mentioned above.

![(A, B, C) Electron microscopic images demonstrated that there were collagen bands in the cells with mucinous engulfment.](medi-99-e20867-g003){#F3}

Altogether, based on the detection of αSMA-positive phagocytotic cells by immunohistochemistry and collagen bands in phagocytotic cells by electron microscopy, we conclude that these phagocytotic cells were myofibroblasts, not professional phagocytotic cells, such as macrophages (Fig. [2](#F2){ref-type="fig"}A-B, Fig. [3](#F3){ref-type="fig"}A-C).

3. Discussion
=============

In summary, we speculate that the pathological formation of this cutaneous lesion occurred in the following way. First, inflammatory cell infiltration occurred. Second, the accumulation of inflammatory cells, such as plasma cells, generated the subsequent mucinosis in the dermis. Third, the myofibroblasts were induced before the appearance of professional phagocytotic cells, and some of the myofibroblasts performed the phagocytosis of the mucinous substances to promote tissue remodeling by eliminating unnecessary mucinous substances.

In this case, we described the phagocytosis of mucinous substances by myofibroblasts, based on the engulfment of mucinous substances by αSMA-positive phagocytotic cells and the existence of collagen bands in the mucinous phagocytotic cells. Although we cannot exclude other possibilities, such as the engulfment of collagen fibers by phagocytotic cells,^\[[@R11]\]^ the collagen fibers seemed to be included in the cytoplasm of phagocytotic cells and not included inside the mucinous cysts, in the electron microscopic pictures (Fig. [3](#F3){ref-type="fig"}A-C). In combination with the fact that the phagocytotic cells were αSMA-positive, these observations strongly support the phagocytosis by myofibroblasts in this cutaneous lesion.

Myofibroblasts mainly originate from resident cardiac fibroblasts that perform the phagocytosis of dead cells before the induction of professional phagocytotic cells, such as macrophages, in myocardial infarction.^\[[@R6]\]^

Although the cutaneous lesion on the thigh was different from myofibroblasts in myocardial infarction, the histopathological formation and time course of this cutaneous case might resemble those of cardiac tissue damaged by myocardial infarction. Cutaneous tissue is rich in fibroblasts. Thus, activated myofibroblasts might be generated or transformed from residual fibroblasts before the recruitment of professional phagocytotic cells to a mucinous lesion. The inflammation caused by plasma cells and other inflammatory cells might facilitate the fibroblast-to-myofibroblast transition.^\[[@R12]\]^ Our observations in a cutaneous lesion and in myocardial infarction suggest that phagocytosis by myofibroblasts is not rare but rather is a common pathological phenomenon that has been undetected or unrecognized.^\[[@R6]\]^

The clinical appearance of this case resembled that of previously reported solitary cutaneous focal mucinoses (Fig. [1](#F1){ref-type="fig"}A).^\[[@R13]--[@R16]\]^ However, our case had distinctive characteristics from previously reported cutaneous focal mucinosis cases, such as the phagocytosis of mucinous substances by myofibroblasts, multiple mucinous lesions in a single eruption, and the presence of inflammatory cells (Fig. [1](#F1){ref-type="fig"}B), which have not been previously reported.

As for this distinct cutaneous lesion, a clear dermatological and pathological name has yet to be determined. We propose "myofibroblast phagocytic cutaneous mucinosis" as a candidate name. Intensive examination might reveal cases of this disease that would otherwise remain undetected.

This case gives us profound insights into the distinctive and essential role of myofibroblasts in the early phase of phagocytosis in pathophysiologies.
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